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BUREAU OF AERONAUTICS 
FLIGHT CONTROL SYSTEM MANUALS 


This series was originally prepared by Norair under Bureau of 
Aeronautics sponsorship to correlate the new and expanding tech- 


niques of automatic, powered control systems. 


Continuing interest in these manuals, expressed by educational and 
industrial agencies, affirms the need for authoritative documents 


presenting technology of this scientific area. 


In response Norair is offering, with Bureau of Aeronautics permis- 
sion and encouragement, special reprints of the entire series of 
manuals to all interested individuals and agencies. Our objective 


is to contribute to understanding and advancing the state-of-the-art. 


A list of the other volumes in this series, including printing costs, 


may be found on the last page of this manual. 
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The material of this addendum forms part of Report AE-61-4II, which together with 
Report AE-61-4], has been written under BuAer Contract NOas 51-514(c), "Funda- 
mentals of Design of Piloted Aircraft Flight Control Systems.'' These form part of a 
series of manuals being written for the purpose of providing a unified approach to 
problems of control system design. 


For the sake of securing as wide a distribution as possible, Report AE-61-4I, "Meth- 
ods of Analysis and Synthesis, '' which is Volume I of this series, and the part, "Dy- 
namics of the Airframe" (Vol. II), of AE-61-4II which precedes this confidential 
addendum, have been issued in an unclassified status, in accordance with one of the 
general intents of the series to provide a source of information to be used by engineers 
in bridging the gap between their collegiate training and the more advanced topics of 
system engineering. 


Since the figures of this addendum contain classified data, they could not be included 
in the body of this Report, but are presented here in order to include the maximum 
usable information available at this time. Because of the disparity in level of classi- 
fication, no mention of this addendum has been made in the body of this Report, but the 
information herein is to be considered in conjunction with the contents of Chapter IV. 


The numerical values and the ranges of values of derivatives shown on the following 
charts are estimates, based on trends shown by flight tests, wind tunnel tests, and 
theory; they apply only to fighter type piloted aircraft of today and the near future. 
They do not apply to missile configurations where the wing is quite small compared 
to the body, for in these configurations the range of values of non-dimensional deriv- 
atives can become very large. (Pitkin, Marvin, and Ankenbruck, Herman O., "Esti- 
mation of Range of Stability Derivatives for Current and Future Pilotless Aircraft," 
NACA Research Memorandum, RM L’E29, Langley Memorial Aeronautical Labora- 
tory, Langley Field, Va., October 8, 1947.) 


The following notation has been used in the graphs of this portion of this Report: 


A solid line (———----—-) has been used for straight wing aircraft; a broken line 
(— — — —), for swept wing; and a dotted line (------ ) for delta wing. 
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It is to be noted that an abrupt and very large increase in C, occurs 


in the transonic region, and that the delta wing configuration reduces 
this effect. The estimated range of values of Cy for present and near- 


future jet fighter type aircraft is from 0.01 to 0.50. 
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Figure A-1 Variation of Cp with Mach Number for Several 
High Speed Jet Aircraft 


It may be seen that Cy is approximately zero up to the critical Mach 
u 


number region at which point it rises abruptly to large positive values, 
but that the abruptness of the rise and the magnitude which Cy attains 
u 


are much less for the delta wing configuration. The estimated range of 
values of C, for present and near-future jet fighter type aircraft is 
u 


from-0.01 to 0.50. 
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Figure A-2 Variation of Cp, with Mach Number for Several 
High Speed Jet Aircraft 
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The values fcr all three airframe configurations show large variations 
with Mach number in the transonic region. The level of values in the low 
subsonic region is primarily a function of the equilibrium lift coef- 


ficient. The estimated range of values of Ch for present and near- 
a 
future jet fighter type aircraft is from 0.02 to 0.20. 
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Figure A-3 Variation of Cp with Mach Number for Several 
High Speed Jet Aircraft 





lift coefficient for present and near-future jet fighter type aircraft 
is from .01 to 2.0 






The two curves shown for each type of aircraft indicate the probable 
ranges of equilibrium C,. The estimated range of values of equilibrium 
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Figure A-4 Variation of Equilibrium Lift Coefficient for Level Flight with 
Mach Number for Several High Speed Jet Aircraft 
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The variation with Mach number is influenced considerably by the air- 
frame geometry. The estimated range of values of C. for present and 
u 


near-future jet fighter type aircraft is from -0.1 to 0.3. 
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Figure A-5 Variation of Cz, with Mach Nusber for Several 
High Speed Jet Aircraft 


All the aircraft shown exhibit the same general trends with increasing 4 
Mach number. The estimated range of values of C, for present and near- 
a 


future jet fighter type aircraft is from 1.0 to 7.0. La 
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Figure A-6 Variation of CL with Mach Number for 
High Speed Jet Aircraft 
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The values for the XF-92 in the transonic region are large. The est imated 
values of C,, for present and near-future jet fighter type aircraft is 
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Figure A-7 Variation of CL with Mach Number for Several 
High Speed Jet Aircraft 
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fighter type aircraft is from 0 to 8. 
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a The estimated range of values of CL for present and near-future jet 
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Figure A-8 Variation of C. with Mach Number For Several 


High Speed Jet Aircraft 
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The estimated range of values of CLs for present and near-future jet 
Eg 






fighter type aircraft is from 0 to-0.6. 
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Figure A-9 Variation of Cig, with Mach Number for Several 
High Speed Jet Aircraft 









The estimated range of values of Cc. for present and near-future jet 
u 


fighter type aircraft is from-.2 to .5. 
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Figure A-10 Variation of Cy with Mach Number for Several 
High Speed Jet Aircraft 
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The estimated range of values of C, for present and near-future jet 
a 





fighter type aircraft is from-3.0 to+.5. 
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Figure A-11 Variation of Cae with Mach Number for Several 
High Speed Jet Aircraft 













P-86(C. G. =22. 5% M. A.C. ) 
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For the XF-92, positive values are attained in the transonic and super- 
sonic region. Although data concerning the performance of the other 
airplanes in the transonic region are scarce, it is probable that some 
of these configurations would exhibit positive values also. The estimated ae 










for present and near-future jet fighter type aircraft is from-10 to +3. 
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Figure A-12 Variation of Cay with Mach Number for Several 
High Speed Jet Aircraft 
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otice the rather small values exhibited by the tailless configuration. 
he estimated range of values of Ca, for present and near-future jet 


ighter type aircraft is from -20 to 0. 
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Figure A-13 Variation of Cu, with Mach Number for Several 
High Speed Jet Aircraft 
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For all configurations, the elevator becomes much less effective in the 

transonic region. The estimated range of values of Cc, ’ for present and 
4 

near-future jet fighter type aircraft is from 0 to+1.5. 
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Figure A-14 Variation of Cag, with Mach Number for Several 
High Speed Jet Aircraft 





p= 


4 





a 


— 





=~“ 


as eae eee ee 


[ 


Drake concludes that decreasing Cy. improves the overall flight behavior. 


(Drake, H.M., “The Effect of Lateral Area on the Lateral Stability and 
Control Characteristics of an Airplane as Determined by Tests of a Mode] 
in the Langley Free-Flight Tunnel, ** NACA Advance Restricted Report, 
ARR L5L05, Langley Memorial Aeronautical Laboratory, Langley Field, Va., 
February 1946. ) 


There is no apparent correlation between Cy, values and wing planforn 


type. The estimated range of values of Cy for present and near-future 
jet fighter type aircraft is from -.1 to -1.5. 
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Figure A-15 Variation of Cy. with Mach Number for Several 
High Speed Jet Aircraft 
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15 


The estimated range of values of C, for present and near-future jet 
r 


fighter type aircraft is from 0 to 1.2. 
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Figure A-16 Variation of Cy. with Mach Number for Several 
High Speed Jet Aircraft 
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The comparatively large effect of equilibrium lift coefficient or angle 
of attack on the values of this derivative should be noted. The esti- 


mated range of values of Cy for present and near-future jet fighter 
type aircraft is from-.3 td+.8. 


| as 
|ToT rT TTT tT} tT tT yt tt tt 
Of pee 
Li EFeer IN | EE EE 
ete | LP I | TE | ETT 
TUT | NOUNS meee 
ER ESS SNe Ae 
| EER AY ete | PT 
— eee 
Es 
= 











Figure A-17 Variation of Cy, with Mach Number for Several 
High Speed Jet Aircraft 
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The estimated range of values of Cy, for present and near-future jet 
R 


fighter type aircraft is from 0 to+.§5. 
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Figure A-18 Variation of Cy. with Mach Mmber for Several 
High Speed Jet Aircraft 
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fae The estimated range of values of Cugot present and near-future jet 
Pt fighter type aircraft is from 0 to. 40. 
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Figure A-19 Variation of C,, with Mach Number for Several 
High Speed Jet Aircraft 
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Although the value of C, is rather large for the D-558-II, this air- 
r : 

Plane exhibits poor Dutch roll damping characteristics; this emphasizes 

the fact that Dutch roll damping cannot be predicted merely by examining 


et yd this derivative alone. The estimated range of values of C, for present 
and near-future jet fighter type aircraft is from 0 to-1.0. 
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Figure A-20 Variation of Ca, with Mach Number for Several 
Migh Speed Jet Aircraft 
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The equilibrium lift coefficient has a great effect on this derivative. & 
The estimated range of values of Cc, for present and near-future jet 
D 


fighter type aircraft is from-.5 toe ,l., 
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Figure A - 21 Variation of C, with Mach Number for Several 
D 


High Speed Jet dircraft 
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For all configurations, rudder effectiveness decreases abruptly in the 
the transonic region. The estimated range of values of Cay for present 
R 


and near-future jet fighter type aircraft is from 0 to -.15. 
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Figure A-22 Variation of Cnsp with Mach Number for Several 
High Speed Jet Aircraft 
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25 The equilibrium lift coefficient has a great effect on this derivative. ft 
The estimated range of values of C,, for present and near-future jet 
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Figure A-23 Variation of Cng, with Mach Number for Several 
High Speed Jet Aircraft 
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The equilibrium lift coefficient has a great effect on performance, 
especially for the delta wing configuration, but there is an abrupt 
decrease in its effect in the transonic range. The estimated range of 


values of Ci, for present and near-future jet fighter type aircraft is 
from -.30 to +.06. 
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Figure A-24 Variation of Ci, with Mach Number for Several 
High Speed Jet Aircraft 
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The equilibrium lift coefficient has a great effect on this derivative, 
an effect caused by the vertical tail contribution. The estimated range 
of values of C; for present and near-future jet fighter type aircraft 


rT 
is from 0 to .4. 
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Figure A-25 Variation of Cl. with Mach Number for Several 
High Speed Jet Aircraft 
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The trends with Mach Number are seen to be similar to those for C; 
be 








The estimated range of values of ae for present and near-future jet 





fighter type aircraft is from ssf to -.8., 
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Figure A-26 Variation of Ci, with Mach Nunber for Several 
High Speed Jet Aircraft 
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The equilibrium lift coefficient has a great effect on this derivative. 

The estimated range of values of ae for present and near-future jet 
R 

fighter type aircraft is from -.04 to +¢.04. 
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Figure A-27 Variation of Ci, with Mach Number for Several 
R 
High Speed Jet Aircraft 
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There is a considerable decrease in aileron effectiveness in the tran- 

sonic region. Although not indicated in this figure, this decrease 

more pronounced when aeroelastic effects are taken into account. The 

estimated range of values of Ci, for present and near-future jet fighter 
A 

type aircraft is from 0 to .30. 


Z2ae gee 
{te tT T_T TET EET Et te 
{|} ttt Ett tt ae 
Ae te fe 1 ere 
SS eee ae 
tet LIE 
jit Wirt | | = 
Tlie] eRe HH 
AHR EE 
ELL dbs tt tt ET EE 
Appt & 4 
TELLIN Le I - 
| fet te | ee | 

- =e SEE 
{| EELE ELE ELL | | | tt tL 
Li ttt 1 | tte fe dt et | 


Figure A-28 Variation of Ci. with Mach Number for Several 
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VOL Vil - 


BUREAU OF AERONAUTICS 
FLIGHT CONTROL AND FIRE CONTROL SYSTEM MANUALS 


‘“‘METHODS OF ANALYSIS AND SYNTHESIS OF PILOTED AIRCRAFT 
FLIGHT CONTROL SYSTEMS’’ AE-61-4 I (251 pages, 459 figures; $4.00) 


Chapters — Fundamental Concepts, Analysis, Synthesis, Optimum Synthesis 
Methods, Non-linearities, Machine Methods, Analog Computer, Mathematical 
Background. 


‘*DYNAMICS OF THE AIRFRAME’’ AE-61-4 II (185 pages, 178 figures; 
$4.25) Addendum to Vol II (27 figures; $1.50) 


Chapters — Derivation of the Airframe Transfer Functions, Discussion of 
Transfer Functions, Discussion of Stability Derivatives, Methods of Obtain- 
ing Stability Derivatives. 


‘*THE HUMAN PILOT’’ AE-61-4 III (157 pages, 55 figures; $3.50) 


Chapters ~ Fundamental Aspects — Sensing and Actuating Processes of a 
Human Pilot, Approximate Methods Predicting Responses of a Human Pilot. 


‘‘THE HYDRAULIC SYSTEM" AE-61-4 IV (224 pages, 63 figures; $4.25) 


Chapters — General Considerations, Analysis of the Generalized Hydraulic 
Servo Actuator, a Generalized Hydraulic Control System, The Fully Powered 
Hydraulic Control System, The Power Boost Hydraulic Control System, 
Special Considerations in Hydraulic Control System Design and Analysis, 
Component Design Factors, Influence of Servomechanisms on the Flutter of 
Servo-Controlled Aircraft, Methods of Analysis of Servo Flutter Interaction. 


“THE ARTIFICIAL FEEL SYSTEM’ AE-61-4 V (152 pages, 103 figures; 
$3.00) 


Chapters — The Control Feel Problem, Design Procedure, Design Criteria. 


‘““AUTOMATIC FLIGHT CONTROL SYSTEMS FOR PILOTED AIRCRAFT“ 
AE-61-4 VI (339 pages, 138 figures; $6.00) 


Chapters — Automatic Flight Control Systems Past and Present, Components 
of Automatic Flight Control Systems, Design Methods, Systems Engineering 
and Other Design Considerations, Appendix. 


‘‘METHODS OF DESIGN AND EVALUATION OF INTERCEPTOR FIRE CON. 
TROL SYSTEM" AE-61-4 VII (550 pages, 168 figures; $7.50) 


Chapters — The Tactical Environment, Design Objectives, Armament, The 
Radar, The Computer, Infrared Fire Control Systems, Analysis of the Fire 
Control System, Evaluation of Fire Control Radars, Techniques of Estimating 
Weapon System Effectiveness, Appendices. 


The volumes listed above complete the series of Flight Control and Fire Control System 
Manuals presently available, and are identical in content to the original contract publica- 


tions. 


To order one or more of these volumes, contact: NORTHROP CORPORATION, 
NORAIR DIVISION, 1001 East Broadway, Hawthorne, California, Attn. Dept. 3860 
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